総 説

蛇紋岩化作用における水素の発生に対する岩石学的制約条件
Petrological constraints on hydrogen production during serpentinization: a review 野坂 俊夫(Toshio NOZAKA) Serpentinization of peridotites involves the production of hydrogen, which is a source of vital energy for chemosynthetic communities and abiotic methane or other hydrocarbons. Serpentinite-hosted hydrothermal ventˆelds that discharge ‰uids with hydrogen have been widely noticed as a possible environment for the generation of life on the early Earth and other terrestrial planets. In this context, it is important for us to understand petrological constraints on serpentinization processes related to hydrogen production. Magnetite formation by oxidation of iron in olivine is the most eŠective process for hydrogen production during serpentinization. Recent petrological studies have revealed that the magnetite formation is controlled by silica activity and Fe Mg diŠusion rate in olivine crystal, as well as temperature and water/ rock ratio during serpentinization. Without local elevation of silica activity via ‰uid inˆltra-tion, magnetite forms at temperatures ranging approximately from 150 to 350°C with most favorable condition at around 300°C, but fails to form because of increasing diŠusion rate in olivine crystal at higher temperatures and Fe serpentine or Fe brucite formation at lower temperatures. It should be kept in mind, however, that the formation of oxidized serpentine could produce hydrogen as well. and TrommsdorŠ, 1995; Fryer, 1996; Iwamori, 1998; Guillot et al., 2000; Escartá ƒn et al., 2001; Peacock, 2001; Hattori and Guillot, 2003; Bach et al., 2004; Hasegawa and Nakajima, 2004; Maekawa et al., 2004; Scambelluri et al., 2004; Ildefonse et al., 2007; Delacour et al., 2008; Ishimaru et al., 2009; Katayama et al., 2009; Hirauchi et al., 2010) (Mellini et al., 1987; Wunder et al., 2001) (Frost, 1985) . Heavy solid lines represent reactions between solid phases calculated using thermodynamic data, and light solid lines are the boundaries between dominant sulfur species. Dashed lines represent the stability limit of pentlandite inferred from petrologic data. Shaded areas indicate the conditions for partially serpentinized peridotites, ordinary serpentinites (serpentine ± brucite, without carbonate or talc) and the host serpentinites of the Lost City Hydrothermal Field inferred from oxide and sulˆde mineral assemblages (Frost, 1985; Delacour et al., 2008) . Note that each mineral abbreviated is not restricted to eachˆeld separated by reaction lines (see Frost, 1985, for detail) . Abbreviations: Aw, awaruite; Hm, hematite; Hz, heazlewoodite; I, iron; Mt, magnetite; Pn, pentlandite; Po, pyrrhotite; Py, pyrite. msdorŠ, 1970; Evans, 1972, 1974; Berman et al., 1986; Evans, 2004) 
単純化した系で解析されてきた(例えば，Evans and Trom
て，大きくずれることはない (Tracy and Frost, 1991; Evans and Guggenheim, 1988; Katzir et al., 1999; Ulmer and TrommsdorŠ, 1999; Nozaka, 2011 (Evans, 2008) . Dredged samples, which may have been heavily subjected to ocean ‰oor weathering, are not included in this diagram. 
